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1.0 INTRODUCTION and SUMMARY

Ammonia is often the best heat pipe fluid for ambient-temperature
spacecraft applications. For the temperature range from -70C to 60C,
it has the highest heat-transport capacity except for water, and unlike
water, ammonia can be used with the common engineering metals, stainless
steel and aluminum. Aluminum is particularly attractive because of its
light weight, high chermal conductivity and low cost. In the past, however,
it has been the source of considerable aggravation to various practitioners
in their attempts to produce heat pipes free of noncondensable gas. For
example, gas generation was particularly troublesome in the development of
axially grooved heat pipes for the ATS-F satellite [1]. The problem is
even more acute when an aluminum tube is used with a stainless-steel
wick. At TRW we have been unsuccessful in our attempts *o produce completely
gas-free heat pipes of this type. In their paper on the subject, Waters
and King [2] reported discoloration and pitting of the aluminum tube upon
post-~test inspection of life-test heat pipes that had generated gas. On
the other hand, Kosson et al [3] have produced aluminum-walled heat pipes
with stainless-steel tunnel wicks that have at least a sufficiently low
level of noncondensable gas to allow the tunnel to prime without trapping a
ges-stabilized bubble.

Because of the importance of ammonia heat pipes for spacecraft thermal
contvol, TRW has undertaken this program under contract to NASA Lewis
Research Center to experimentally study gas generation. A matrix of thirty-
seven 0.61-meter-long, 1.27 cm-diameter heat pipes with metal-fiber slab
wicks and internal circumferential grooves were fabricated. These were
either aluminum tubes with aluminum wicks, aluminum tubes with stainless-
steel wicks, or stainless-steel tubes with stainless-steel wicks. The
same experimental approach was taken as in Anderson's study at TRW of
nickel/water [4] and stainless-steel/methanol heat pipes [5]. The heat
pipes were operated at elevated temperatures of 40, 80, and 100C to
accelerate the rate of 7Jas generation and hcpefully allow extrapolation of
the generation rate to lower operating temperatures. The quantity of gas
generation in each heat pipe was calculated from measurements taken monthly
for eight months of the temperature profile along the gas-blocked region

of the condenser.
-1-
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These measurements were made with the heat pipes temporarily operating at

a lTow temperature (approximately -20C) to lower the vapor pressure of the
ammoni. and allow the noncondensable to expand into a larger region.
Juantities of gas less than 108 1b-mole can be detected using this technique.

The primary cleaning procedure used was ultrasonic rinsing in solvents.
Six additional heat pipes (fabricated on TRW IR&D funds), were added to the
test matrix to test an alternate chemical cleaning procedure as recommended
in the Grumman report "Heat Pipe Manufacturing Study". [6]

Analysis of the data from eight months of 1ife tests revealed some
unexpected results. For example, there is no clear positive correlation
between gas-generation rate and operating temperature. As we anticipated,
the heat pipes fabricated from a combination of stainless steel and aluminum
generally generated the most gas, the all-alumirum pipes generated a lesser
quantity, and the all-stainless-steel pipes generated by far the least.
Another unexpected result was that one combination aluminum/stainless-steel
heat pipe, which intentionally had the usual vacuum bake-out step deleted
from its processing to assess the effect of a small amount of water left
in the pipe, generated an order of magnitude less gas than the rest of that
type. Another set of two heat pipes that had 0.5% water added with the final
charge of ammonia generated the largest quantity of gas for the test matrix.
The gas was generated in a short period, and thereafter the generation rate was
generally much lTower than for the rest of the aluminum-walled heat pipes.
These unexpected results, which are analyzed in detail in Section 3.0, cast
a new light on the behavior of aluminum and stainless steel with ammonia,
and suggest a potential solution to the gas-generation problem.

In many spacecraft applications, the amount of gas generated by
aluminum-walled heat pipes will have an insignificant effect on their operation,
For exampie, at TRW we recently developed an aluminum variable-conductance
heat pipe as part of a space-radiator system [7]. The required gas loading
for the heat pipe is 1 X 1074 1b-moles, and with the average gas-generation
rate measured on the current program fc. that particular type of heat pipe,
1t would take two-hundred years to generate one-tenth of the original gas

-2-



26148-6004-RU-00

loading. In contrast to ammonia heat pipes with aluminum components,
the all-stainless-steel heat pipes generated little or no detectable gas.
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2.0 EXPERIMENT DESCRIPTION

2.1 HEAT PIPES

The heat pipes us~d in the study are representative of TRW's current
high-capacity non-arterial design. As shown in Figure 2-1, they have a
metal-fiber slab wick inside a tube that is circumferentially threaded with
100 threads per inch. The Appendix contains engineering sketches for
the heat pipes, their instrumentation and installation. As shown in
Figures 2-2 and 2-3, each set of three identical heat pipes is mounted in
a common aluminum evaporator block (Engineering Sketch SK74020). Heat is
removed from the condenser region by natural convection. To provide
efficient hook-up with a 100-channel data acquisition system, each heat
pipe is instrumented with 10 chromel-alumel thermocouples (9 spaced at
equal intervals along the condenser region and vne in the adiabatic region).
The thermocouple spacing was obtained by analysis to optimally characterize
the anticipated temperature profiles. A bi-metallic thermostat ("Klixon")
is used on each evaporator saddle block to provide over-temperature protection.
During operation at elevated temperatures all heat pipes are installed in
the heat pipe mode, i.e. evaporator elevated. An exception is made for the
wickless heat pipes 1-3 which cannot be operated in this mode. During gas
measurement all pipes are operated in the reflux mode.

Table 2.1 shows the primary test matrix which consists of all-aluminum
heat pipes, all-stainless-steel heat pipes and aluminum-walled heat pipes
with stainless steel wicks. For each type, three are operated at 40C,
three at 80C and three at 100C. These twenty-seven heat pipes form the
basis for assessing the effect of operating temperature on gas generation.
In addition, to assess the effect of wick surface area, heat pipes S/N 1-3
have no wick and S/N 13-15 have wicks with & smaller wire diameter. (For
a given porosity, the smaller wire diameter dqives a higher surface area).
To assess the necessity of vacuum bake-out to remove water from the walls
during processing, S/N 18-19 had the bake-out steps deleted and S/N 20-21
had 0.5% water intentionally added to the final ammonia charge of 17.5 g.

-4-
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Photograph of the Cross Section of a
1.27-CM-0.D.Heat Pipe With a Metal-
Fiber STab Wick
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Three Heat Pipes in Common Evaporator Block
With Instrumentation

Figure 2-3.

Four Sets of Three Heat Pipes in Mounting Rack
-6-
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2.2 PRETEST ANALYSIS

To minimize the effect of variations in material composition on the
gas-generation rate, all similar parts were manufactured from tube or bar
stock of the same heat number and all similar wicks from the same spool of
wire. All ammonia was from the same container and was certified at 99.998
percent purity (minimum).

Pre-test analyses were completed on the fabrication materials selected
for this program. Photomicrographs of polished and etched specimens were
taken with an optical microscope at magnifications up to 500X and compared
with handbook microstructures. A lot of selected 304 stainless-steel
tubing was eliminated after metallurgical examination revealed che tubing
was not seamless. Samples of the aluminum and stainless-steel were also
examined with a scanning electron microscope at magnifications up to
10,000X to aid in the interpretation of the optical micrographs. All
materials compared favorably with handbook microstructures. In addition,
samples of the materials used in fabrication were subject to chemical
analysis, which confirmed that the materials all conformed to handbook
specifications.

Analysis of the ammonia by an independent laboratory showed that in
the liquid state all contaminants (H2, H20, N2, 02, A, CO2) were less than
10 ppm, which is the 1imit of detection for the analysis. In the gaseous
state, 1.9 ppm of hydrogen and 0.1 ppm of nitrogen were detected. The rest
of the contaminants were below the 1imit of detection, which, for the gascous
state, is 10 ppm for water and carbon dioxide and 0.1 ppm for oxygen and
argon.

2.3 FABRICATION, PROCESS “ND FILL

The fabrication and processing of the heat pipes are described in the
manufacturing flow charts and the processing specifications in the Appendix.
The cleaning procedure PR2-28-1 (summarized in Table 2.2) is a series of
ultrasonic solvent rinses. This was TRW's standard heat pipe cleaning
procedure at the time the heat pipes wewe fabricated.

8-
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Suhcequently, a chemical cleaning procedure (CRP7-12 for stainless steel
and CRP7-10 for aluminum, in the appendix) was prepared as recommended

in [6] for eavaluation in this program. On TRW IR&D funds, four chemically-
cleaned heat pipes (two all aluminum (S/N 148-149) and iwo all stainless
steel (S/N 150-151) were added to the test matrix. To assess the necessity
for vacuum Tiring of solvent-cleaned heat pipes, two additional stainless-
steel pipes (S/N 152-153) were added that were solvent clezned but not
vacuum fired. These additional heat pipes are summarized in Table 2.3.
They were put on test three months after the program-fabricated samples
were put on test.

.°-
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PR2-28-1

US™ FILTERED SOLVENTS
PR13-6-1

ULTRASONIC CLEAN IN FREOW TF,
MINIMUM OF 15 MINUTES

DRY IN VACUUM OVEN AT 212 *+ 209F
FOR MIITMUM OF 5 MINUTES

ULTRSOIIC CLEAN IN ACETOIlE,
MINIMUM OF 15 MINUTES

DRY IN VACUUM UVEW AT 212 + 20°F
FOR MINIMUM OF 5 MiiUTES

ULTRASCGNIC CLEAN 1IN HEXANE,
MINIMUM OF 15 MINUTES

DRY IN VACUUM OVEN AT 212 + 20°F
FOR MINIMUM OF 5 MINUTLS

STORE IN SUITABLE CONTATNER

Table 2.2. Assembly Cleaning Procedure
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2.4 TESTING

Except when the temperature profiles are measured at low temperatures,
the heat pipes are run continuously at their respective operating temperature
(see Tables 2.1 and 2.3). Periodically the heat input to the heater blocks

adi~ted t¢ maintain the required temperature.

As noncondensable gas is evolved during operation of a heat pipe, it is

carried to the condenser end causing a blockage. The quantity of noncondensable

gas is calculated from the temperature profile of the gas-blocked region.
The profile is measured with the heat pipe operating in a -40C environment,
which is provided by a freezer. By lowering the vapor temperature, and
hence its pressure, the noncondensable gas expands to fill a larger volume,
and thus it results in a larger temperature profile. This is illustrated
in Figure 2-4, where the GASPIPE Il computer program was used to generate
two temperature profiles for the same amount of gas (1.0 X 107 1b-moles),
but different operating temperatures.

For calculation of the quantity of gas, the condenser region is
divided into N intervals, and the temperature at the center of the ith
irterval is denoted T1. The number of moles n of noncondensable gas is
given by the ideal gas law as

No»p .
i=]

where VY 1is the volume of each interval available for gas and vapor and

R 1s the universal gas constant. The partial pressure of gas, Pgi R
is the diference between the total pressure given by the vapor pressure

Pya ©Of ammonia in the adiabatic section and the partial pressure Pvi
of vapor in the 1ith interval. A computer program ‘s used to calculate
the quantity of gas directly from the wall-temperature measurements.

The measured temperature profiles and calculated gas are shown in
Figure 2-5 and 2-6 for the particular heat pipe S/N 25, which is all
aluminum and is operated at 80C. This data is typical in that the initial
gas-generation rats 7s relatively high, and after a month it levels out.

«13-
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An overall gas generation rate of 5.8 x 10710 by /day was calculated
by a least-squares fit of a straight line to the data of Figure 2-6 past
3u days. The data for all of the heat pipes are summarized in Table 2.4.
Detailed data for each pipe at each measurement interval is presented in
Table A-1 in the Appendix.

<.5 POST-TEST ANALYSIS

Post-test analyses were performed on one of each type heat pipe
tested: A1/SS wick (S/N 8), A1/A1 wick (S/N 27), and SS/SS wick (S/N 39).
Heat pipe S/N 12 was also analyzed to determine the source of a leak
which caused the pipe to fail in test.

Mass spectrometry gas analyses were performed on ammonia samples from
heat pipes S/N 8 and S/N 27 to determine the noncondensable gas or
gases generated during testing. Valves were attached to the two pipes
to allow easy removal of the gas samples. This was done by placing the
£i11 tubes in a glove box filled with helium, and then chilling the heat
pipes in liquid nitrogen to 77°K. The fill tubes were cut off with a
tubing cutter and valves attached. The total time for attaching each
valve was approximately one minute.

Gas and liquid samples taken from pipes 8 and 27 were analyzed by
an independent testing laboratory (data sheet in Appendix). The results
show that hydrogen, as expected, is the noncondensable gas and that alil
other impurities are below 10 ppm except nitrogen. The nitrogen was
apparently introduced into the heat pipes during the valve installation.

A1l four heat pipes were subsequently emptied of ammonia, opened,
and visually inspected for internal surface damage. Opening was done
by cutting off the end caps, removing the wicks, and cutting the pipes
axially into two sections. The cuts were made on a band saw. The inter-
nal surfaces of the heat pipes were visually inspected under a microscope.

-17-
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The only heat pipe with any significant change to the internal surface
was S/N 8 (A1/SS wick), where corrosion and pitting occurred the entire
length of the heat pipe. Damage was about equal in all sections of the
heat pipe. A solid white precipitate, probably Al OH, was deposited in
various spots in the evaporator, adiabatic, and condenser sections.

Heat pipe S/N 27, (A1/A1 wick) and heat pipe, S/N 39, (SS/Cy wick)

had very little pitting or corrosion, and overall the internal surface
looked very clean. Heat pipe S/N 12 was found to be leaking from a
circumferential crack approximately 1mm long at the adiabatic end of the
evaporator.

-18-
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3.0 DATA ANALYSIS

3.1 THE EFFECT OF OPERATING TEMPERATURE ON GAS GENERATION

We had expected, based on previous studies with nickel/water [4]
and stainless-steel/methanol [5] heat pipes, that the gas generation would
be strongly and positively correlated with operating temperature. From
Table 2.4 we see that this is not necessarily the case. For the three
sets of aluminum-walled heat pipes with stainless-steel wicks that were
operated at 40C (S/N 4-6), 80C (S/N 7-9), and 10G6C (S/N 10-12),
the trend is exactly opposite. At the end of the test pericd they all
have generated approximately the same amount of gas; however, the gas-
generation rate was lowest for the 100C operating temperature and highest
for 40C.

The all-aluminum and all-stainless steel heat pipes, on the other hand,
did have their lowest gas generation rate at 40C (S/N 22-24 and S/N 31-33);
however, in both cases the 80C pipes (S/N 25-27 and S/N 34-36) generated
gas at a higher rate than the 100C pipes (S/N 28-30 and S/N 37-39). The gas
generation in the all-stainless-steel pipes was generally so low, however,
it was at the detection limit and, therefore, differences in the rates for
the all-stainless-steel pipes are not significant.

The inconsistency of the correlation between gas-generation rates and
temperature suggests that two opposing processes are occurring. One
clearly is the chemical reaction that generates the gas, which is certain
to be positively correlated with temperature. The second is passivation
of the metal surfaces with a film of corrosion products. Evidently
passivation can prozeed more effectively or to a greater extent at higher
operating temperatures and thus explains the lower generation rates at
100C than at 80C (also lower rates at 80C than 40C for the aluminum/
stainiess-steel heat pipes).

-19-
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3.2 THE EFFECT OF THE PRESENCE OF WATER

More unexpected results were found in the data from those heat pipes
used to study the effect of the presence of water. Heat pipes S/N 20-21,
for example, had 1/2% water added with the final charge of ammonia.
Although these pipes generated by far the most gas by the end of the test
than any of the others, the gas generation occurred primarily in the first
month of operation. Thereafter, these pipes had a lower average gas-
generation rate than any of the other aluminum-walled pipes.

The vacuum-bake-out step is used in the processing of the aluminum-
walled heat pipes primarily to drive off water. To assess the effect of
this amount of water, heat pipes S/N 18-19 did not have a bake-out.

Heat pipe S/N 18 performed roughly the same as the pipes that had the
bake-out step, except for a slightly higher gas-generation rate. Heat
pipe S/N 19, however, produced surprising results: the quantity

of gas it generated and the generation rate are roughly a factor of ten
less than the rest of the aluminum-walled heat pipes.

The evidence from both the heat pipes without the bake-out step and
with water intentionally added points toward water playing a key role in
effective passivation of the aluminum. In the case of S/N 19, we can
conjecture that without the bake-out there was sufficient water for
effective passivation during the high-temperature refluxes. The gas
generated during this passivation is purged before the final charge. Heat
pipe S/N 18 may not have had sufficient water for the passivation. In
the case of S/N 20-21, the passivation occurs during operation with the
final charge, and hence the gas generated during passivation remained in
the pipes during the life test.

3.3 THE EFFECT OF WICK SURFACE AREA ON GAS GENERATION

Three sets of heat pipes, S/N 1-3, 7-9, and 13-15, were operated at
80C and used to assess the effect of wick surface area on generation rate.
S/N 1-3 had no wick (zero area), S/N 7-9 had the nominal stainless-steel
wick (0.0044-1n-dia. wire, 81.1% porosity), and S/N 13-15 had a high-
surface-area wick (0.0034-in-dia. wire, 87.2% porosity), which has 30%

-20-
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more area than nominal. The average amount of gas generated and the gas-
generation rates for the three sets of heat pipes are roughly the same

(see Table 2.4). This result suggests that there is sufficient surface area
yeneration even without a wick and that the rate and total gas quantity is
controlled by the fluid charge, and not tne available interior surface area.

3.4 MATERIALS AFFECT ON GAS GENERATION

As expected, the all-stainless-steel heat pipes had by far the least
amount of gas. We also expected that the galvanic couple between stainless
steel and aluminum would cause the aluminum/stainless-steel heat pipes to
gererate considerably more gas than the all-aluminum heat pipes. This was
true only for the pipes operated at the low temperature of 40C. At 80 and
100C, the gas generation in the all-aluminum and aluminum/stainless-steel
were comparable. In fact, at these temperatures the rates were higher
for the all-aluminum pipes, but the amount of gas generated was less.
These results suggest that the galvanic couple effectively contributes to
passivation at 80C and above (hence, the lower rate of generation for the
aluminum/stainless-steel combination). The lower temperature of 40C
significantly retards gas generation only in the absence of the galvanic
coupie (hence, the relatively small quantity of gas and low rate for the
all-aluminum heat pipes at the lower temperature).

3.5 THE EFFECT OF THE TYPE OF CLEANING PROCEDURE AND VACUUM FIRING FOR

STAINLESS STEEL ON THE GAS GENERATION RATE

Heat pipes S/N 148-149 are identical to S/N 25-27 (both sets are all
aluminum and were operated at 80C) except S/N 148-9 were chemically cleaned
rather than solvant cleaned. Although S/N 148-9 were added to the test
matrix (hence they had only been on test for 140 days compared to approxi-
mately 240 days for the others), the chemically cleaned pipes generated
significantly less gas and at a lower rate than the solvent cleaned pipes.

Heat pipes S/N 150-151 are stainless-steel heat pipes that were also
chemically cleaned rather than solvent cleaned and, in addition, the high-
temperature vacuum-firing step was deleted. Heat pipes S/N 152-153 were
solvent cleaned and the vacuum-firing step dzleted. These pipes were
operated at 80C, and thus they should be compared to S/N 34-36 which were

2]~
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solvert cleaned and vacuum fired. The results show that while all of

these heat pipes have a low level of gas
lowest level. Of the two sets that were
and chemical cleaning produced comparab]l

-22
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4.0 CONCLUSIONS AND RECOMMENDATIONS

Several new and unexpected results occurred on the proaram associcted
with the aluminum heat pipes. To explain them we hypothesize that two
mechanisms occur in the heat pipes that have opposite effects on the gas
generation rate. One is the chemical reaction that generates the gas and
the other is passivation of the aluminum surface which retards the generation.
From measurements of both the quantity of gas generated and the rate, we
were led to the following tentative conclusions concerning these mechanisms.

e The presence of water, an elevated operating temperature, and

a stainless-steel/aluminum galvanic ccuple contribute to the
passivation of the aluminum surface.

o Lowering the operating temperature from 80C to 40C significantly
reduces the gas-generaticn rate for an ail-aluminum heat pipe,
but not for aluminum/stainless-steel heat pipe.

Based on these conciusions, we recommend further work on aluminum/ammonia
heat pipes that focuses on 2liminating gas generation by promoting the
passivation of the aluminum surface. The heat pipes should have water
intentionally introduced during the high-temperature reflux stages of
processing prior to the final charge with pure ammonia. This approach would
be contrary to all past work with aluminum and ammonia; however, we feel

the results of the present pregram sufficiently support it to ensure a
reasonable probability of success.

Other results of the present program show that all-stainless-steel
heat pipes generate very little gas. The vacuum-bake-out step improves
the compatibility, and chemical cleaning produced somewhat better results
than solvent cleaning. We feel no further work is required to improve the
compatibility of ammonia and stainless steel; however, continuation of
the 1ife tests with the existing heat pipes would provide even greater
confidence in their suitability for long-1ife spacecraft applications.

<23-
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CONTENTS OF THE APPENDIX

Table A-1 Gas Generation Data Compilation.

SK741014 - Heat Pipe - Materials compatibility (aluminum wall).

SK741015 - Heat Pipe - Materials compatibility (stainless steel wall).
SK741001 - Tube, grooved.

SK75016 - End Cap (aluminum).

SK741024 - End Caps and fill tube (stainless steel).

SK741016 - Materials compatibility - instrumentation.

SK74020 - Evaporator block. ’

Manufacturing Flow Chart: Materials Compatibility Heat Pipe (304 Cres).
Manufacturing Flow Chart: Materials Compatibility (aluminum).

Assembly Cleaning Procedure PR?-28-1.

Summary of Process and Fill Procedure MSD74-3C.

Procedure for Cleaning Stainless Steel Components for Heat Pipes CRP7-12.
Procedure for Cleaning Aluminum Components for Heat Pipes CRP7-10.
Related Specification Summary

Pretest Sample Analyses

Postest Sample Analysis
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ASSEMBLY CLEANTHG PROCEDURE

PR2-22-1

USC P LLTERED SOLVENTS
il -]

ULTRASONIC CLCAN IN FREOW TF,
HINIMUM OF 15 MINUTES

DRY iN VACUUM OVLHI AT 212 + 20Y%F
FOR MIHIMUM OF 5 MINUTES

UCLTRSONIC CLEAN [N ACETONE,
MINIMUM OF 15 MINUTES

DRY IN VACUUM OVEI AT 212 + 20°%F
FOR MINLIN OF 5 MIAUTES

ULTRASCHNIC CLLAN I HEXANE,
MINIMUM GF 15 MINUTES

DRY it VACUUM OVEN AT 212 + 20°F
FOR MINIMIM OF 5 MIHUTLS

STORE IN SUITALLE CONTATNER

FIGURE 1.
(Hikiﬂvdl;,,
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MSD 74-3

VACUUM BAKE
325 t 25°F FOR 16

|
FLUZD RESERVOIR FILL
VACUUM BAKE AT 15G-200°F

FOR 30 *1° mInuTEs
1

FLUID RESERVOIR INVENTORY
ADJUSTING

- -
L

r_' FLUID TRANSFER TO HEAT PIPE
VACUUM BAKE AT 150-200°F

FOR 30 *1° WINUTES

L
REFLUX AND PRESSURE TEST

+]
"5 HOURS

+4

-0 Hn

g ¢
P

255 *15°F FOR 4
|

o
—-
FLUID DUMPING

i |

TRANSFER FLUID
TO HEAT PIPE

1
- ——

REFLUX AND BURP
| 225 +15°F for 2 *} HOURS

INVENTORY ADJUSTING

w95
Summary of Process and Fill Procedure MSD74-3C
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PRUCEDURE FOR CLEANING STAINLESS STEEL COMPONENTS FCR HEAT PIPES

CRP 7-12
Ultra-sonically clean in FREON PCA (TF) for 10-15 minutes. Hold in
vapor phaze fui 3-5 m.nutes. ’
Blow dry with heated nitrogen (120-150°).
Ultra-sonically clean ir TURCO 4215 for 10-15 minutes.

Rinse in deionized water until PH is equal to system water. Use
ultra-sonic energy.

CAUTION: Parts must not remain wet with water for more than 4 hours.

If cleaning is interrupted for any reason, cciplete drying cycle.

Immerse in chromated de-oxide 8-10 minutes. Use ultra-sonic.

Rinse in de-ionized water pe; Step 4.

Passivate per PR 2-9, use ultrasoﬂic energy. Solution 4 in Table II.
Rinse in de-ionized water per Step 4.

immerse in chromated de-oxide 8-10 minutes. Use ultra-sonic energy.
Rinse in de-ionized water per Step 4.

Blow of f excess water with heated 120-150°F GN,.
Rin.e in isopropyl alcchol § minutes. Use ultra-sonic energy.
Blow off excess alcohol with heated nitrogen {120-150°F).
Vacuum dry 180°F for 2 hours. Back fill with GN,.

2
Package each component individually per PR 2-2.

REVISED: 9-26-75
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PROCEDURE FOR CLEANING ALUMINUM COMPONENTS FOR HEAT PIPES

CRP7-10
Ultra-sonically clean in FREON PCA (TF) for 10 to 15 minutes.
Hold in vapor phase for 3 to 5 minutes.
Blow dry with heated 120°F to 150°F nitrogen.
Ultra-sonically clean in TURCO 4215 for 16 to |5 minutes. 4

Rinse in deionized water until pH equals system water. Use
ultra-sonic energy.

CAUTION: Parts must not remain wet with water for more than ! hours.

If cleaning is interrupted for any reason, complete drying cycle.

Immarse in chromated deoxidizer 8 to 10 minutes. Use ultra-sonic
energy.

Rinse in deionized water per Step- 4.

Blow of f excess water with heated 120°F - 150°F GNZ'
Rinse in isopropy! alcohol 5 minutes. Use ultra-sonic energy.
Blow of f excess alcohol with heated nitrogen (120°F - 150°F).
Vacuum dry 180°F for 2 hours. Back fill with GN,.

Package each component individually per PR 2-2,

REVISED: 6-16-75
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Related Specification Summary

Additional TRW Specifications are referred to at various places in
the body of the report. Since the inclusion of these specifications in
their entirety would not add significantly to the report, their key aspects
will be abstracted for completeness.

SPECIFICATION SCOPE

PR 2-2 R This Specification establishes the minimum
requirements and procedures for cleaning and
protective closure of all metallic and non-
metallic lines, fittings, and c¢.tail parts of
regulators, valves, or other components
through which liquid or gaseous fluid will be
carried.

PR 2-8 C This specification establishes tue require-
ments and procedures for solvent cleaning
of detail parts, assemblies, and components.

PR 2-9 F This specification establishes the procedures
and materials to be used for cleaning,
descaling and passivation of the following
corrosion and heat resistant alloys:

AISI 300 series, etc.

PR 13-6-1 This specification establishes the procedures
to be used in the preparation of controlled
contaminant fluid levels for cleaning heat
pipes and heat pipe hardware,

4
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WEST COAST TECHNICAL SERVICE INC / 17605 FABRICA WAY, SUITE D / CERRITOS, CA 90701

REPORT
' $[ date/ worch 16, 1975 iOb no./ 7763
vy PO NO./ anssscse mMyo #2s5301
prepared for/ TRW Systems

One 8pace Park
Mr. W.T. Anderson ‘2edondo Beach, California 90278
A4

The samples submitted by you h;ve been received in our laboratory
and analyzed. The results of these analyses are as follows:

Parts Per Million

20.80 g (150 psi)

Ammonia

Gas Liqutd
Hydrogen . 1.9 less than 10 ppm*
Water less than 10 ppm* less than 10 ppm*
Nitrogen 0.1 less than 10 ppm*
Oxygen less than 0.1 ppm* less than 10 ppm*
Argon less than 0.1 ppm* less than 10 ppm*
Carbon Dioxide less than 10 ppm* less than 10 ppm*
Ammonia balance balance

* Limit of detection

If we can be of any further service, please do not heistate to contact us.
Respectfully submitted,
WEST COAST TECHNICAL S8ERVICE INC,

W7/0W/‘$\; /z

H. Dwight Fisher, Ph.D.
Vice President-Technical Director

HDF /kd

This renort pertains only to the samples (nvestigated and does not necessarily apply to other apparently identical or similar rmaterials This report 18 sub-
mitted ‘or the exclusive uss of the client to whom it is addressed. Any reproduction of this report or use of this Laboratory's name for advertising
or publicity purposes without written authorization is prohibited,
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Precared For WEST

Mr. Ed Luedke COAST

TRW Systems

One Space Park g%%'{',hllé%AL
Redondo Beach, California 90278

February 3, 1976 9610 17605 Fabrica Way, Suite D
PO.No Cerritos. Calforma 90701
A780%CB6E GG

The ammonia samples received 1-16-76 have been analyzed by mass
spectrometry for the following components:

Parts Per Million

Gas Gas Liquid

S/N 8 S/N 27 S/N 27
Hydrogen 10249 7755 less than 10 ppm*
Water less than 10 ppm* less than 10 ppm* less than 10 ppm*
Nitrogen 485 488 less than 10 ppm*
Oxygen less than 1 ppm* 1 less than 10 ppm*
Argon 6 6 less than 10 ppm¥*
Sarbon Dioxdde less than 10 ppm* less than 10 ppm* less than 10 ppm*
Helium (Mole Percent) 16.982 20.560 less than 10 ppm*
Ammonia (Mole Percent) 81.944 78.615 Balance

*limit of detection
If we can be of any further assistance, please do not hesitate to contact us.
Respectfully submitted,

WEST COAST TECHNICAL SERVICE, INC.

Vice President-Technical Director

HDF/cl
.
This report 8ing only 10 the sam Investigated and dose Not necessartly apply to tty identical or similer materiais Th bm| f
chusive uuz:mt olignt 10 whom u’fm Any reproduction of this report or o! this chomo-yh name "o'r uv;hnbmq or pu%l:::yo'p‘u"r;:u-m ?v‘v.ma:n
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